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[57] ABSTRACT

A radar system having an adaptive compass drive capa-
ble of operation over a wide variety of compass outputs
and supply voltages and frequencies. For compass out-
puts in the form of multi-phased analog s1gnals, a digital
phase detector converts the signals to a series of digital
pulses which are used to operate a three-phase to UP-
DOWN pulse converter. If the gyro compass output
signals are in the form of overlapping digital signals, the
converter changes the signals directly to a sequence of
UP or DOWN pulses. The UP-DOWN pulses are used
to operate a binary counter which operates the phases
of a multi-phased stepper motor which is coupled to the
true bearing scale of the radar system the output of
which may also be used to operate a north stabilization
synchro converter for the radar display.

13 Claims, 12 Drawing Figures
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ADAPTIVE COMPASS DRIVE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention.

‘The invention relates to a radar system adapted for
shipboard operation in which a gyro compass produces
signals which are used to operate a bearing scale cen-
tered around the display screen of the radar system and
for providing stabilization of the radar display so that
the radar presentation upon the display screen does not
rotate along with rotation of the ship. The invention
also includes a digital display of the ship’s heading.

2. Description of the Prior Art.

-Shipboard radar systems customarily include a gyro
compass which produces incremental heading informa-
tion to the radar system for rotation of a true bearing
scale, providing north stabilization of the radar display,
and for providing true motion correction. The most
common gyro compass systems have either stepper
motor or synchro-types of outputs. In the case of a
stepper motor, three pole sets are commonly used with
either 10’ or 20° bearing steps per output pulse. Pulse
amplitudes of 35, 50, or 70 volts are normally employed.
Synchro outputs, which are ordinarily three-phased,

produce analog outputs representing either 1° or 2° of

“bearing per 360° of shaft rotation. The rotor is driven
from a supply frequency of either 50 or 60 Hz with
commonly used voltages of 50, 60, 62, 115, 125, and 150
volts. The stator voltages are known to range between
20 and 90 volts with 20, 24, 57, 68, 82, and 90 volts being
used in the most common commercially available units.

In the past practice, it has been customary for the
gyro compass to drive the bearing scale and resolver for
north stabilization separately through separate elec-
tronic circuits and mechanical linkages. It was also
customary with past concepts to design new compass
drive circuitry and mechanical components for each
type of stepper motor or synchro output with the wide
possibility of output voltages and operating conditions.
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This practice was, of course, expensive, time consum-.

ing, and made new installations expensive. -

- A further problem with prior compass drive systems

was the arrangement provided for aligning the true
- bearing scale and/or the north stabilization resolver to
the ship’s heading. Since none of the gyro compasses
commonly available provide a north stabilization or

“homing” pulse, there was an ambiguity in the output of

the gyro compass. Loss of synchronization due to rapid
turning or loss of electrical power to the equipment had
to be corrected by manual resetting. In past practice, a
thumb wheel control was provided for correcting the
resolver while a clutch and handle control was pro-
vided for correcting the position of the true bearing
scale. Each of these controls had to be set separately.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a compass drive system which is adaptable
for use with either a DC stepper motor or synchro-type
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gyro compass output with stator coils and output pro- -

vided in either the start or delta connection.
- Furthermore, it is an object of the invention to pro-

- vide such an adaptive compass drive which is capable of 65

- operation over a wide range of rotor supply frequency,
stator-voltage, and rotor voltage for synchro—type gyro
~ compass outputs. - | |

2

~ Also, it is an object of the present invention to pro-
vide an adaptive compass drive capable of operating
with DC stepper motors in which the output pulse can
represent 10, 20’, or any other amount of bearing step
over a predetermined range of output voltages or with

1’y 2'y or other amounts of bearing change per 360° of

shaft rotation.

Moreover, it is an object of the present invention to
provide a radar system having means for easily chang-
ing simultaneously both the position of the true bearing
scale and synchro resolver for alignment w1th the ship’s
heading.

These as well as other objects of the invention may be
met by providing a radar system having means for pro-
viding directional information from a gyro compass
producing either synchro or stepper output signals hav-
ing means for converting signals from the gyro compass
to signals having a predetermined amplitude and timing
relationship, means for determining a first condition
when the signals present a first direction of rotation and
a second condition when the signals represent a second
direction of rotation, and means for providing first and
second pulse streams wherein each pulse in each stream
represents a predetermined amount of rotation and
wherein pulses in the first stream are produced upon the
first condition and pulses of the second stream produced
upon the second condition. The combination may fur-
ther comprise counting means for producing an advanc-
ing count in response to pulses of the first pulse stream
0 and a decreasing count in response to pulses of the
second pulse stream. The signals having a predeter-
mined amplitude and timing relationship preferably
comprise a plurality of digital signals in which the sig-
nals are activated in a first ordered sequence upon the
first condition and the second ordered sequence upon
the second condition. The converting means comprises
preferably means for electrically isolating the signals
from the gyro compass from the electrical signals
within the system which preferably comprises opto-
electric 1solation means in which light producing means
produces light in response to the active state of electri-

‘cal signals coupled from the gyro compass and a plural-

ity of means for producing an electrical signal in re-
sponse to light produced by the light producing means.
In the case that a synchro-type gyro compass is used,
means 1§ provided for producing a timing reference
signal from the signals from the gyro compass. The
timing reference signal producing means preferably
comprises means for determining a digital state transi-
tton of one or more of the signals having a predeter-

‘mined amplitude and timing relationship and means for

producing one or more pulses in response to the deter-
mination of the digital state transition. The condition
determining means may comprise means for comparing
the present value of the state of the signals having a
predetermined amplitude and timing relationship with
the immediately previous value of the state of the same
signals. Further may be provided a stepper motor, a

“bearing scale which is rotatable by the stepper motor,

and means for operating the stepper motor in response
to the counting means. The stepper motor may com-
prise a plurality of stepper coils wherein the stepper
motor is operated by means for activating each of the
stepper coils in response to a predetermined count out-
put state of the counting means.

The invention may also be practiced with a radar
system which includes a radar transmitter, a radar re-
ceiver, a rotatable radar antenna, a radar display means,
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output signals, and compass driving means for operating
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a gyro compass having either synchro or stepper type

the bearing scale which is positioned around the data

display and for operating north stabilization means
wherein the compass driving means is capable of oper-

ating from either the synchro or stepper outputs of the
gyro compass. The radar system may further comprise
~a synchro resolver transmitter having a plurality of
stator coils and at least one rotor coil with the rotor coil
coupled to the radar antenna and rotated as the radar
antenna rotates, a synchro resolver having a plurality of
stator coils and a plurality of rotor coils wherein the
stator coils of the synchro resolver are coupled to cor-
responding ones of the stator coils of the synchro trans-
mitter. A stepper motor may be provided which is me-
chanically coupled to the rotor coils of the synchro
resolver such that the rotor coils of the synchro re-

10
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solver are differentially variable in position with respect

to the stator coils and wherein the stepper motor is
operated by electrical outputs of the compass driving
means. The stepper motor may further be operatively
coupled to the bearing scale.. The compass driving
‘means may further produce digital signals representa-
tive of a heading as determined by the gyro compass.
Means may be provided for visually displaying that
heading. The means for visually displaying the heading
may comprise either digit displays or means for display-
ing the heading upon the radar data displaying means.

' BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1 shows a block schematic diagram of an adap-
tive compass drive system in accorda:nce with the in-
-vention;
- FIGS. 2, 3, and 4 taken together are a schematlc
-diagram of the system showing FIG. 1;

FIGS. §, 6, 7, and 8 are waveforms useful in under-
'standmg the operation of the invention;
- FIG. 9 is a schematic diagram of a synchro type gyro
compass;

FIG.10is a schematlc diagram ofa stepper type gyro
compass;

FIG. 11 is a schematic dlagram of a headmg dlsplay
circuit for use with the invention; and '

FIG. 12 is a block diagram of a radar system embody-
ing the invention. - -

DESCRIPT JION OF THE PREFERRED
EMBODIMENT o

Refemng bneﬂy first to FIGS. 9 and 10 there is
shown there respectively a synchro-type gyro compass
400 and a stepper type gyro compass 420, In the syn-

20
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35
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pass shown in FIG. 10 is formed by rotating permanent
magnet 424 which rotates within stepper stator coils 422
as the ship rotates in heading. Rotation of rotating per-

manent magnet 424 causes the magnetlc field from the
permanent magnet to be coupled in sequence from one

stepper- stator coil 422 to the other producing output
signals such as is shown in FIG.. 7. Stepper stator coils

422 are shown in a star or Y-type connection as in FIG.
9, and as in the case of the device shown in FIG. 9
stepper stator coils 422 may be connected in a delta

“connection.

As stated above, the output voltages from any of the
synchro stator coils 402 or stepper stator coils 422 may
vary depending upon the number of turns used and the
amount of coupling between the stator coils and rotor

coil. The frequency of synohro AC reference source

406 is not the same among all commercially avallable
units and a complete cycle of the output signals may

| represent varying amounts of heading change depend- |
iing upon the exact constructlon of the commerclal units

involved.
Referring now to FIG. 1 there is shown a block dia-

gram of an adaptive compass drive system 10 con-

structed in accordance with the teachings of the present
invention. Signals from the outputs of the gyro compass
are coupled to opto-electric isolators and star/delta

switch 11 to the appropriate terminals regardless of

whether the gyro compass output is in the form of syn-
chro or stepper 51gnals, whether the output from the
gyro compass is in the star or delta connection, or
whether or not a synchro reference signal is provided.
Opto-electric isolators and star/delta switch 11 provide
opto-electric isolation between: the outputs from the
gyro compass and signals within adaptive compns
drive 10 such that no direct electrical connection is

made from outputs of the gyro compass and any electri-
cal signals within adaptive compass drive 10. In this

manner, high current ground surges which are comimon
in many shipboard gyro compass systems are prevented

from interfering with the Operatlon of cm:mtry within

adaptive compass drive 10.
Synchro/stepper switch 24 is used to seloct between_

- synchro and stepper type gyro compass inputs. In the

~ case that the gyro compass produoes stepper type out-

45
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~ chro-type gyro compass 400 shown in FIG. 9 there are

provided three synchro stator coils 402 positioned elec-
trically at 120° intervals around synchro rotor coil 404.
In known commercially available synchro and stepper
type gyro compasses iron cores are used for both stator
and rotor cotls. However, these are not shown in FIGS.
9 and 10 for clarity. Synchro rotor coil 404 is coupled to
synchro AC reference source 406. Rotation of the ship
and the gyro platform causes synchro rotor coil 404 to
rotate within synchro stator coils 402 producing wave-
forms such as those shown in FIG. 5 as the ship rotates
in heading. The synchro stator coils 402 as shown in
FIG. 9 are connected in a star or Y-type connection
with a return 51gna1 path. Synchro stator coils 402 may
be connected in a delta configuration as well.
FIG. 10 shows schematically a gyro compass 420
- with a stepper type output. The rotor of the gyro com-

33

65

puts, synchro/stepper switch 24 is placed in the down-
ward posmon and the output signals from opto-electric
isolators in star/delta switch 11 are coupled directly to

" three-phase to UP-DOWN converter 16. In the case of

synchro gyro compass inputs, synchro/stepper SWltCh-.
24 is placed in the upward posmon so that the output

~signals from opto-electric isolators in star/ delta switch
11. are coupled through synchro signal ‘detectors. 12
before reaching the inputs of three-phasc to UP- o

DOWN converter 16. 1

Opto-electric isolators and star/ delta swntch 11 in the
case of inputs from a synchro gyro compass, converts
the input signals such as shown in FIG. § to digital form
having predetermined amplltude and phase characteris-
tics such as that shown in FIG. 6. The fully darkened
portion of the three signals shown in FIG. 6 indicates
that the signal is in the active state while the ¢ross-

hatched portion indicates an uncertainty in that the

mgnal may or may not be in the active state.
Three phase to UP-DOWN converter 16 first

changes the incoming signals having the form shown in |
either FIG. 6 or FIG: 7 to the form shown in FIG. 8

with essentially no overlap in time of the activated state
of the individual signals. The signals as shown in FIG
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- 8 represent rotation or heading change in a first direc-
tion with the signals being activated in the sequence A,,
By, Co. In case of the opposite direction of rotation or
change of heading, the signals shown in FIG. 8 are
activated in the opposite order, that 1s, Cy, By, Ag. A
determination is made within three phase to UP-
DOWN converter 16 as to which condition or direction
of rotation the signals upon the input represent. A first

stream of pulses is produced, called the UP pulse

stream, for rotation in the first direction while a second
pulse stream, termed the DOWN pulse stream, is pro-
duced for rotation in the other direction. One pulse is
produced in the appropriate pulse stream for transitions
between activated signals. |

" In normal systems operation, slew/UP-DOWN
switch 26 couples motor phase sequence control 18 to
the outputs of three phase to UP-DOWN converter 16.
Motor phase sequence control 18 activates four phase
stepper motor 21 through four phase drive circuit 20.
Four phase motor 21 has four stator coils which are
‘activated one at a time in a first sequence for rotation in

a first direction and one at a time in the opposite se-
quence for rotation in the opposite direction. Motor
phase sequence control 18 through four phase drive

10

15

20

circuit 20 causes activation of the four stator coils of 25

four phase motor 21 in sequence in the first direction for
" UP pulses and in the opposite direction for DOWN
pulses. Each incoming UP or DOWN pulse received
. from three phase to UP-DOWN converter 16 causes
activation of the next four phase motor stator coils in
sequence.

Slew/UP-DOWN switch 26 is provided to align the
bearing scale and north heading of the radar display
with the true heading of the ship should power fail or
the present setting otherwise need be corrected. Slew-
ing pulser 14 produces a continuous sequence of pulses
for either the UP or DOWN direction regardless of
whether the ship is changing heading. Slew/UP-
DOWN switch 26 is coupled to slewing pulser 14 when
an adjustment needs to be made, then Slew/UP-
DOWN switch 26 is returned to the downward position

30

35

to recouple motor phase sequence control 18 to three

phase to UP-DOWN converter 16.

Also coupled to the outputs of slew/UP-DOWN
switch 26 is heading display circuit 17. Heading display
circuit 17 provides either a direct digit display of the
ship’s heading or provides a signal to the display device
of the radar system to cause the heading to be displayed
along with the radar data.

Refemng next to FIG. 2, there is shown therein sche-
matic diagrams of opto-electric isolators and star/delta
switch 10, synchro signal detectors 12, synchro/stepper
switch 24, and a portion of three phase to UP-DOWN
converter 16. Signals from the gyro compass stator
windings are coupled to the terminals marked I, II and
I1I regardless of whether the gyro compass employs the
stepper or synchro mode of operation. In the case that
the stator coils of the gyro compass are connected in a
star configuration, the return terminal or center connec-
tion of the stator windings are coupled to the return
lead. Star/delta switch 116, having three mechanically
linked single pole, double throw sections, is placed in
the position shown for the delta type connection. In that
case, when terminal I is positive with respect to termi-
nal II, current flows inward from terminal I through
- light emitting diode 108A and resistor 109A to terminal
II. When the current level is sufficiently high, light
emitting diode 108A emits light which is coupled to the

45
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6

input of phototransistor 111A. If terminal II is positive
with respect to terminal I, current flows inward
through terminal II, resistor 109A and to terminal I
through diode 107A. Similarly, if terminal II is positive
with respect to terminal III, current flows in from ter-
minal II through light emitting diode 107B and resistor
109B to terminal III. Light is produced by light emitting
diode 108B when the current reaches the same values
that are required for activation of light emitting diode
108A. Activation of light emitting diode 108C coupled
to terminal III is achieved in the same manner when
terminal III is positive with respect to terminal 1. The
values of resistors 109A-C are determined such that
light emitting diodes 108A-C produce light during
overlapping portions of adjacent cycles of the input
signals. |

Star/delta switch 116 is placed in the posmon oppo-
site that shown for the case of star connected inputs
from the gyro compass. In that case, the various input
signals are referenced to the return signal rather than to
each other. The light emitting diodes are activated in
sequence as before.

For the case of synchro-type inputs from the gyro
compass, resistors 109A-C have a value chosen such
that light emitting diodes 109A-C produce light during
overlapping portions of adjacent cycles of the input
signals so that light is produced during the activated
intervals as shown in FIG. 6. In the case of stepper
motor inputs, the value of resistors 109A-C should be
chosen so as to produce light output during essentially
the entire active time of the corresponding inputs. A
single value may be used to perform satisfactorily for
both synchro and stepper type input signals. The actual
value chosen will be dependent upon the characteristics
of the light emitting diode used.

The light produced by light emitting dlodes 108A-C
is coupled to a corresponding one of phototransistors
111A-C. The collector of each of phototransistors
111A-C is coupled to a positive voltage + V. The emit-
ter of each is coupled through a resistor 113A-C to
ground. The presence of light at an input of one of
phototransistors 111A-C causes that phototransistor to
conduct thereby causing current to flow through one of
resistors 113A-C This current produces a positive volt-
age across the resistor which corresponds to a logical
high state or “1” in accordance with the voltage re-
quirements for logical “1” of the logic circuits to which
the voltage is coupled. In the absence of light at the
input of one of phototransistors 111A-C, the phototran-
sistor -.conducts substantially no current such that no
voltage is produced across one of resistors 113A-C. In
that case, the voltage across the resistor is substantially
zero representing a logical low or “0” state, again in
accordance with the voltage requlrements of the logic
circuits to which the voltage is coupled.

In the case of a synchro type gyro compass, a refer-
ence signal will be furnished from the gyro compass to
the adaptive compass drive circuitry. This signal is
coupled to the reference terminals of opto-electric isola-
tors and star/delta switch 10. When the upper most of
the referenced terminals 1s positive with respect to the
lower one of the terminals, current flows through resis-
tor 100, diode 102, and zener diode 101. When the lower
one of the terminals is positive with respect to the upper
one of the terminals, current flows in through zener
diode 101 through light emitting diode 105, and back to

the upper one of the terminals through zener diode 104.

The zener voltage of zener diodes 101 and 104 is chosen
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such that light emitting diode 105 produces light only
during the time corresponding to the blackened por-
tions of the signals as shown in FIG. 6 during which
time it may be guaranteed that a signal is actively pre-
sent. Zener diodes 101 and 104 are chosen to have ap-
proximately the same zener voltage to present a load of
equal impedence to both positive and negatlve half
cycles of the reference signal.

- Light produced by light emitting dlode 105 is cou-
pled to the input of phototransistor 110. When light is
present on the input of phototransistor 110, phototran-
sistor 110 conducts and current flows through resistor
115 to phototransistor 110 and ground. A substantially
zero voltage corresponding to a digital “0” is then pre-
sent on the inputs of Schmidt trigger circuit 114. In the
absence of light from light emitting diode 105 at the
input of phototransistor 110, phototransistor 110 is in
essentially a high impedence state and essentially no
current flows through resistor 115 thereby producing a
positive voltage of approximately 4V on the input to
Schmidt trigger circuit 114. The transition from low to
high and back to low voltages on the collector of photo-
transistor 110 causes Schmidt trigger 114 to produce a
pulse on its output suitable for clocking “D” flip-flops
‘112A-C, the data inputs of which are coupled to the
outputs from opto-electnc isolators and star/ delta
switch 10. : -
- Synchro/ stepper sw1tch 24 is shown in the upward
position for receiving at the inputs of decoder 117 sig-
nals of the form shown in FIG. 6 from a synchro type
gyro compass. In the downward position of synchro/-
stepper switch 24, stepper signals of the form shown in
FIG. 7 are coupled to the inputs of decoder 117. De-
coder circuit 117 and accompanying NAND gates
118A-C convert signals having the form shown in ei-
ther FIG. 6 or FIG. 7 to the form shown in FIG. 8. This
function is performed with the logic Operatmns spem-
fied immediately herebelow in Table 1. |

o __TABLEI S - ..
Output . Imputs B

A ABT + ABC

By ~ABC + ABC

G _ABC + K"BC '

For exanmle, assume that the mput 31gnals are as
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- The major portion of three-phase to UP-DOWN
converter 16 which converts the digitized mputs from
synchro signal detectors 12 to trains of pulses is shown
in FIG. 3. A train of UP pulses are produced for rota-
tion in the first direction representing rotational move-

ment of the ship towards higher bearing angles while a
second or DOWN train. of pulses is produced for rota-

tion of the ship in the second direction or direction of
decreasing bearing heading. The non-overlapping three-
phase input signals Ag, Bo, and Co from NAND gates
118A-C are coupled to the respective inputs of three
monostable multivibrators 120A-C and also transitions
between low and high logic levels, that is from “0” to
“1” on any of the input signals causes the corresponding
one of monostable multivibrators 120A-C to produce a
pulse of width determined by the respective values of

- timing resistors 121 and timing capacitors 122. In the

preferred embodiment, monostable multivibrators
120A-C, as well as monostable multivibrator 120, may
be Texas Instruments Company type SN74123 type

“multivibrator in which resistors 121 have a value of 50K

ohms and capacitors 122 have a value of 470 pf such
that an output pulse is produced havmg a width of
approximately 10 usec. for each high going input transi-

-tion. The output pulses from each monostable multivi-
brator 120A-C are “OR’d” together to produce a single
serial stream of pulses upon the output of NAND gate

125. A positive or thh gomg pulse having a width of
approximately 10 usec. is produced on the output of
NAND gate 125 for each high going transition of any of
sl gnals Ay By, or Cp. With slew/UP-DOWN switch 26

‘set in the center position as shown in the drawing the

- output from NAND gate 125 is coupled through section

35
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149 of slew/UP-DOWN switch 26 to the input of
monostable multivibrator 130. The mput to multivibra-
tor 130 from switch section 149 carrying the train of
pulses ori gma]ly generated by monostable multmbra-
tors 120A-C is connected such that the trailing edge of
each pulse in the pulse stream carried thereon causes
generation of a second pulse on the outputs of monosta-

“ble multivibrator 130 in the time period immediately
following the first. The width of pulses generated by

monostable multivibrator 130 may be the same as thosé
produced by monostable multivibrators 120A-C. The _
same values of timing resistor and timing capacitor may

 be used ‘as with multivibratots 120A-C. The Q or low
| gomg output of monostable mu]tlwbrator 130 is cou-

shown in the first segment of FIG. 7: that is, as seen in

~ FIG. 2, inputs I and III are high and I1 is low. This will

cause the outputs of phototransmtors 111A and 111C to

be high and 111B to be low. That is, the inputs to the

20

decoder 117 are ABC. This condition is decoded as Ys,

only, low. It should be noted that the decoder 117 can
only have one output low at a time. NAND gate 118A

has one input low and one high, therefore its output A,
will be high. NAND gates 118B and 118C both have

33

both inputs high, therefore Byand Cyare low; this corre-

sponds to segment I of FIG. 8. Usmg similar arguments
- for the second segment of FIG. 7 in which only input I

is hlgh the input to the decoder 117 is ABC and Y;,
- only, is low. Only NAND gate 118B has one low input
signal and consequently only B, output is high; this
corresponds to segment 2 of FIG. 8. Similar arguments
can be used for all the segments, and a segment-by-seg-
ment conversion from the conditions of FIG. 7 to the
conditions of FIG. 8 is obtained. Similar arguments can

be used from FIG. 6 to FIG. 8.
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pled to the clock' mputs of each of “D” ﬂ1p-ﬂops
124A-C. These pulses clock in the inpiits to “D”. flip- -
flops 124A-C at a time penod fo]lowmg the initial edge
transitions thereof at which tune 1t lS assured that the -

- signals are in a stable state.’

- The ‘outputs from : “D” ﬂlp-ﬂOpS 124A-C herem_
called A;, B,, and C;, representmg the values of the
three-phase input signals in a previous time penod are
compared with the present values of the three-phase

signals Ay, By, and Cyto determine whether a change in
‘the activated one of the three-phase signals represents

rotation in a positive or negative sense. The sequence of
signals which represents clockwise or positive rotation
is shown in Table II while the sequence for counter-

clockwise or negative rotation is shown in Table III

where “1” represents the active or high state and “0
represents the inactive or low state. _

TABLE II

. * . .
ke - nhil Pl e

Present State Previous State

i

AgBoCoy- ABCy
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TABLE II-continued
Present State Prekus Sta
S 100 o 001
010 ' 100
001 010 5
100 001
TABLE III 10
- Present State " Previous State
AgByCo AIBICI
001 100
010 - | 001
100 010 15
001 100 |

The logic equation indicating clockw1se or positive 39
rotation indicative of the requirement for producing UP
pulses may then be written by “AND”ing adjacent
entries in Table II then “OR”ing the resultant products
together. Similarly, the equations representing negative
or counterclockwise rotation indicative of DOWN
pulses may be produced by “AND”ing together adja-
cent values within Table III and “OR”ing the resultant
products together. The resulting equations may be sim-
plified to:

UP = AoC; + BoA, + GoBy

DOWN = AB; + BoC; + CoA,

25

30

AND/OR gates 127 and 128 perform the required

decoding function. The output of AND/OR gate 127 is
in. the logical “1” state for positive rotation while the

35

- output of AND/OR gate 128 is in the logical “1” state

for downward or negative rotation. With slew/UP-
DOWN switch 26 set in the center or active position as
is shown in FIG. 3, the outputs from AND/OR gates
127 and 128 activate a corresponding input of corre-
sponding NAND gates 151 and 152. The same pulse
train clocking signal produced by multivibrator 130 as
was coupled to the clocking inputs of fli'p-ﬂops 124 but
of the opposite high-going logic state is coupled to the 45
other input of each of NAND gates 151 and 152. When
the output of AND/OR gate 127 is in the logical “1”
state, pulses from multivibrator 130 are coupled
through NAND gate 151 to produce the UP train of
pulses. During that time NAND gates 152 is deacti- 50
vated with logical “0” state from AND/ OR gate 128.
When the output of AND/OR gate 128 is in the logical
““1” state and the output of AND/OR 'gate 127 is in the
logical “0” state, pulses from multivibrator 120 are cou-
pled through NAND gate 152 to form pulses of the
DOWN pulse train on the output of NAND gate 152.
Referring next to FIG. 4, there is shown therein the
schematic diagram of motor phase sequence control 18,
four phase drive circuit 20, and four-phase motor 21.
The UP and DOWN pulse trains are coupled to the ¢
corresponding count UP and count DOWN inputs of
UP/DOWN binary counter 160. UP/DOWN binary
counter 160 may comprise a Texas Instruments Com-
pany integrated circuit type SN74193. Each pulse on
the count UP input causes UP/DOWN binary counter s
160 to advance by one binary count while a puise on the

count DOWN input causes the count to decrement by
one count. In the count UP direction, UP/DOWN

93
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binary counter 160 counts from 000 to 111 in increments
of 001 then resets to 000. In the DOWN direction, UP/-
DOWN binary counter 160 counts down from 111 to
000 by steps of 001 then is reset to 111. |

Because of the arrangement of coils within the gyro
compass, the difference between single steps of the
binary count output of UP/DOWN binary counter 160
can represent a change of either 10’ or 20°. For the
former case, 10°/20' switch 165 is set to the position
shown so that every UP or DOWN pulse produces
activation of four phase motor 21. For the latter case,
the position of 10’720’ switch 165 is changed to the
other position so that only every other UP or DOWN
pulse activates four phase motor 21.
Inverters 161 and 162 and decoding NAND gates 163
decode the binary count produced by UP/DOWN bi-

nary counter 160 thereby activating lines 167A-C in the

sequence 167A-167B-167C-167D-167A-... for an in-
creasing or UP count and in the sequence 167D-167C-
167B-167A-167D-... for a decreasing or DOWN count.

Motor drive transistors 166 are activated in sequence
by the activated outputs of decoding AND gates 163.
The emitters of all motor drive transistors 166 are con-
nected together then to ground through resistor 168.
The collectors of each of motor drive transistors 166 are
coupled to one of stator coils 170 with the other termi-
nals of stator coils 170 coupled together and coupled to
a positive voltage of +E. When one of motor drive
transistors 166 is turned on by the activated signal at its
input, current flows through the corresponding one of
stator coils 170 through the one or more motor drive
transistors 166 and to which it is employed through
resistor 168. Diodes 172 are coupled one across each
stator coil 170 to prevent high voltage build-up across
the stator coils when an activated coil is deactivated by
providing a current conduction path in the reverse
direction. Activation of stator coils 170 in a first se-
quence as caused by UP pulses causes rotation of rotor
174 in a first direction while activation of stator coils
170 in the opposite sequence as caused by DOWN
pulses causes rotation of rotor 174 in the opposite direc-
tion.

Drive shaft 22 coupled to rotor 174 of four phase
motor 21 is coupled mechanically to both bearing scale
180 and resolver 175. Bevel gears 173 couple drive shaft
22 to the rotatable shaft of resolver 175 while driving
pinion gear 176 links drive shaft 22 to bearing scale 180.
The number of teeth on driving pinion 176 relative to
the number of teeth on the periphery of bearing scale
180 are chosen such that bearing scale 180 is rotated by
the appropriate angle corresponding to the amount of

- rotational change indicated by the output signals from

the gyro compass.

In previous gyro compass systems, means was pro-
vided for mechanically rotating the bearing scale by
hand to align the bearing scale with the true heading of
the ship. Means is provided within the system of the
present invention for aligning bearing scale 180 with the
true heading of the ship simply by setting a switch in
one position for clockwise rotation and in another posi-
tion for counter clockwise rotation until the desired
alignment is reached. Referring back to FIG. 3, slewing
pulser 14 produces a continuous pulse output at a fre-
quency which is determinative of the rate at which
bearing scale 180 rotates while seeking alignment. The
output of slewing pulser 14 is coupled to both upper and
lower positions of section 149 of slew/UP-DOWN
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switch 26. When slew/UP-DOWN switch 26 is set in
the upper position, a logical “1” or positive voltage
input is coupled to the lower input of NAND gate 151
and a logical “0” or ground state coupled to the lower
input of NAND gate 152. The continuous stream of
pulses produced by slewing pulser 14 is coupled by
section 149 to the upper input of NAND gate 151
thereby producing a continuous train of UP pulses inde-
pendent of any rotation of the ship or inputs from the
ship’s gyro compass. Similarly, when slew/UP-DOWN
switch 26 is set to the lower position, a logical “0” is
coupled to the lower input of NAND gate 151 and a
logical “1” coupled to the lower input of NAND gate
152 thereby disabling NAND gate 151 and enabling
NAND gate 152 to produce a continuous train of

DOWN pulses. Slew/UP-DOWN switch 26 is left in

either the UP or DOWN position until the desired
alignment of bearing scale 180 is achieved then returned
~ to the center position as shown for active system opera-
tion. Preferably, slew/UP-DOWN switch 26 comprises
a toggle switch having a stable center position with
spring returns for both the UP and DOWN positions.
A direct digitally presented display of the ship’s head-
ing is provided by heading display circuit 17 and digital
display devices 214 as shown in FIG. 11. The UP pulses
from NAND gate 151 are coupled to the count input of
counter 203 while the DOWN pulses from NAND gate
152 are coupled to the count input of counter 204.
Counters 203 and 204 each provide two outputs, one
producing an output pulse or square wave for every
three counts of the corresponding input count and the
‘other for six pulses of the clock input. Thus, the selected
output produces a pulse or square wave cycle for every
one degree of ship’s heading rotation. The selected

w
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output from counter 203 is coupled to the UP count -

input of decade counters 208 while the selected output
from counter 204 is coupled to the count DOWN input
of decade counters 208. Decade counters 208 produce
three sets of output digital signals, the first set corre-
sponding to units, the second to tens, and the third to
hundreds. Decade counters 208 increment or decrement
once for each count input applied.

The three sets of output signals from decade counters
208 are decoded by decoder/drivers 212 which convert
the output signals from decade counters 208 to a form
appropriate for driving digit display devices 214. Digit
display devices 214 may be light emitting diodes, gase-
ous display tube devices, or any other desired form of
digital display device. Also, the output of decade count-
ers 208 may be used with a character or numeric symbol
generated device for causing a digital display of the
ship’s heading directly upon the tube of the cathode ray
tube displaying the radar return information.

“359” decoder 206 and “000” decoder 210 convert

4,067,007
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Referring next to FIG. 12, there is shown a block

schematic diagram of a radar system in which the pre-
sent invention is used to advantage. Radar antenna 301
1s rotatably coupled to radar antenna shaft 303. Bevel
type gears 306 couple rotational power from motor 304
to radar antenna shaft 303.

Rotor coil 314 of resolver transmitter 311 is also cou-
pled to radar antenna shaft 303. Rotor coil 314 rotates
within stator coils 316 and 318 which are electrically
positioned 90° from one another such that when rotor
coil 314 1s positioned at the point of maximum coupling
with one of stator coils 316 or 318 the coupling between
rotor coil 314 and the other one of stator coils 316 or
318 1s a minimum. The couphng between rotor coil 314
and stator coils 316 and 318 is preferably sinusoidal for
a constant rate of radar antenna rotation. Square wave
generator 310 is electrically coupled to stator coil 314
causing a square wave current to flow therethrough.
The resultant voltages induced in stator coils 316 and
318 are square wave in form even with a sinusoidal
modulation envelope having a 90° phase dlfference
between the two envelopes.

Stator coils 316 and 318 of resolver transmitter 311
are coupled to stator coils 322 and 324 respectively of
synchro resolver 320. Synchro resolver 320 has two sets
of rotor coils 326 and 328 positioned electrically at a
right angle with each other and rotatably mounted
within stator coils 322 and 324. The rotational position
of rotor coils 326 and 328 within stator coils 322 and 324

‘determines the amount of coupling between each rotor

coil 326 and 328 and stator coils 322 and 324. Hence, the
phase of the modulation envelope of the voltage in-
duced in each of rotor coils 326 and 328 is directly
dependent upon their rotational position. As the rota-
tional position of the radar return signal patterns dis-
played on cathode ray tube 346 is dependent upon the

 phase relationship between the output signals from

435
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decade counters 208 from a modulo 1000 counter to a

modulo 360 counter. When the output lines from de-
cade counters 208 reach a count of 359, “359” decoder
206 produces a logical “1” on its output enabling AND
gate 205. The next upward counting pulse then is en-
abled through AND gate 205 to reset circuit 209 which
causes 000 to be loaded into decade counters 208 with a
load pulse coupled to each decade of decade counters
208. Similarly, when the outputs of decade counters 208
are in the 000 state, ”000” decoder 210 enables AND
gate 207 causing the next count pulse from counter 204

to reset circuit 209 which causes a value of 359 to be .

loaded into decade counters 208.

60
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rotor coils 326 and 328, the displayed patterns can be
rotated by rotation of rotor coils 326 and 328. This is
accomplished by mechanically coupling rotor coils 326
and 328 to drive shaft 22 of stepper motor 21. In this
manner, rotation of drive shaft 22 as the ship changes
heading in accordance with the invention causes rota-
tion of rotor coils 326 and 328 thereby causing the pat-
tern displayed upon cathode ray tube 346 to remain
stable, preferably with the top of the pattern being
north, independent of the heading of the ship. Of

‘course, rotor coils 326 and 328 may be uncoupled from

drive shaft 22 and set in a constant rotational p031t10n SO
that the displayed pattern rotates with changes in sh1p S

‘heading.

Rotor coils 326 and 328 are coupled respectwely to X
and Y sample and hold circuits 330 and 332. X and Y

sample and hold circuits 330 and 332 sample the output

voltages from rotor coils 326 and 328 dunng each active
pulse time and retain the sampled values on their respec-
tive outputs until the next sample is taken.

X and Y sweep generators 334 and 336 produce X
and Y ramp shaped deflection signals for deflecting the
beam of cathode ray tube 346. The amplitude of each is
directly dependent upon the amplitude of the signal
present on the output of the respective sample and hold
circuit and with the same polarity. Generation of the
deflection signals commences near the time each radar
pulse is transmitted as marked by a start of sweep trig-
ger pulse produced by radar transmitter/receiver 302.
After amplification to appropriate levels by X and Y
deflection amplifiers 340 and 342, the deflection signals
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are coupled to X and Y deflection coils 339 and 343
which produce magnetic fields for deflecting the beam
of cathode ray tube 346.

Received and demodulated radar return video signals
from radar transmitter/receiver 302 are coupled to
video amplifier 350 which amplifies the video signals to
a level appropriate for driving the video intensity mod-
ulating electrode of cathode ray tube 346.

Symbol generator 352, which may be constructed

using techniques well-known in the display system art,
receives a digital input number from adaptive compass
drive 10 as shown in FIG. 12 and produces X and Y
deflection waveforms and a video signal which cause
the beam of cathode ray tube 346 to be deflected and
unblanked in such a manner as to display the digits
representing the ship’s heading upon the face of cathode
ray tube 346.

This concludes the description of the preferred em-
‘bodiments of the invention. Although preferred em-
bodiments of the invention have been described, it is
believed that numerous modifications and alterations
thereto would be apparent to one having ordinary skill
in the art without departing from the spirit and scope of
the invention.

What is claimed is: *

1. An adaptive compass drive system capable of oper-
- ation over a wide variety of compass outputs and supply
voltages and frequencies by provision of combination
signals which employs a digital phase detector to con-
vert gyro compass outputs in the form of multiphase
analog signals to a stream of up-down pulses for activa-
tion of a multiphase stepper motor and a converter to
which the compass output when in the form of overlap-
ping digital signals is converted to said stream of up-
down pulses for actuation of said stepper motor coupled
to a bearing indicator which includes the method for
providing direction information from the gyro compass
by producing a combination signal from a single selec-
tion of synchro and stepper signals comprising the steps
of:

converting said signals from said gyro compass to

-said combination signals having a predetermined
amplitude and timing relationship;

coupling said combination signals to a decoder circuit

- and converting multi-phasic input signals having

overlapping active states to multi-phasic mgnals in
- which only a smgle phase of sald signals is acti-
- vated at one time; |

| determmmg a first COIldlthIl when said multi-phasic
. signals represent a first direction of of rotation and
a second condition when said multi-phasic signals

represent a second direction of rotation; and
- providing first and second pulse streams, each pulse
in each of said pulse streams representing a prede-
~ termined amount of rotation, pulses of said first
- stream being produced upon said first condition
and pulses of said second stream being produced

upon said second condition.

2. The method of claim 1 further comprising the step
of:

producing an advancing count in response to pulses

of said first pulse stream and a decreasing count in
response to pulses of said second pulse stream.

3. The method of claim 2 further comprising the step
of:

- activating said signals having a predetermined ampli-
tude and timing relationship in a first ordered se-
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quence upon said first condition and in a second
ordered sequence upon said second condition.

4. The method of claim 3 further comprising the step
of:

electrically isolating said signals from said gyro com-
pass from signals within said system.

5. The method of claim 4 wherein said gyro compass
is a synchro type gyro compass and further comprising
the step of:

producing a timing reference signal from said signals
from said gyro compass. .

6. The method of claim § wherein said step of produc-
ing said timing reference signal comprises:
determining a digital state transition of one or more of

said signals having a predetermined amplitude and

timing relationship; and
producing one or more pulses in response to said
digital state transition.
7. The method of claim 3 wherein said step of deter-
mining said condition means comprises:

comparing a present value of the state of said signals
having a predetermined amplitude and timing rela-
tionship with the immediately previous value of the
state of said signals having a predetermined ampli-
tude and timing relationship.

- 8. An adaptive compass drive for operation with a
gyro compass adapted to operate over a plurality of
supply voltages and frequencies from a single selection
from a synchro output and a stepper type output for
driving a bearing scale for providing north stabilization
for a radar display including a digital readout of ship’s
heading comprising in combination: |
opto-electric isolation means for receiving signals
from said gyro compass, producing light in re-
sponse to each of said signals from said gyro com-
pass, and for producing output signals electrically
isolated from said signals from said gyro compass,
said output signals having a predetermined ampli-
tude;

a plurality of switch means coupled to said opto-elec-
tric isolation means for configuring said opto-elec-
tric 1solation means for receiving signals from said
gyro compass having star or delta connection;

means for producing a timing reference signal for
signals from a gyro compass having a synchro
conﬁguration, said timing reference signal produc-

 ing means comprising opto-electnc 1solat10n means
and a Schmidt trigger:

-a first plurality of flip-flops, one of said first plurallty
of flip-flops being provided for each outputs from
said optoelectric isolation means, and the clock
inputs of said first plurality of flip-flops being cou-
pled to the output of said Schmidt trigger; |

a plurality of switch means for selecting between
synchro and stepper types of gyro compass output,
one input of each of said switch means being cou-
pled to an output of one of said flip-flops and an-
other input of said switch means being coupled to
an output of said opto-electric isolation means;

a first decoder circuit coupled to outputs of said
switch means, said first decoder converting multi-
phasic input signals having overlapping active
states to multi-phasic signals in which only a single
phase of said signals is activated at one time;

a second plurality of flip-flops, one of said second
plurality of flip-flops being coupled to each output
of said digital decoder means;
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means for producing a first pulse in response to a
transition from an inactive state to an active state of
one or more of said output signals from said digital

decoder means; |
means or producing a second pulse upon the termina-
tion of said first pulse, said second plurality of

flip-flops each being clocked by said second pulse;
second and third decoder circuits, inputs of said sec-
ond and third decoder circuits being coupled to
inputs and outputs of ones of said second plurality
of flip-flops, said second decoder circuit producing
an output in response to signals representing rota-
tion in the first direction and said third decoder
producing an output in response to signals repre-

senting rotation in the second direction, each of

5

10

16

creasing count in response to said second sequence
of pulses;

means for producing a plurality of actlvatlng signal in
response to preselected ones of the output count of
said counter; | |

a plurality of amplifying means, one of said amplify-
ing means being provided for amplifying each of
said activating signals; and

a stepper motor, said stepper motor havmg a plurality
of stator coils, each of said stator coils being cou-
pled to one of said amplifying means.

9. The combination of claim 8 wherein said opto-elec-

~ tric isolation means comprise:

15

said second plurality of flip-flops being clocked by

said pulse;

a second decoder circuit coupled to mputs and out-
puts of said second plurality of flip-flops, said sec-
ond decoder circuit producing a first digital output
in response to signals from said gyro compass rep-
resenting a first direction of rotation and said sec-
ond decoder circuit producing a second digital
signal in response to signals from said gyro com-
pass representing rotation in a second direction;

means for producing a first sequence of pulses in
response to said output of said second decoder and
means for producing a second sequence of pulses in
response to said second output of said second de-
coder;

a binary counter, said bmary counter producing an
advancing count in response to said first sequence
of pulses and said binary counter producing a de-
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- a plurality of light emitting diodes; and
a plurality of phototransistors, each of said phototran-
sistors being positioned to receive light from one of
said light emitting diodes. |
10. The combination of claim 8 wherein said means
for producing said first and second pulses comprise:
monostable multivibrator means. |
11. The combination of claim 8 wherein said means
for prcducmg said first and second sequence of pulses
comprises: |
means for producing a contmucus sequence of pulses;
and
means for gatmg said ccntmucus sequence of pulses
on and off. -
'12. The combination of claim 8 wherein said amplify-
ing means each comprise:
a transistor amplifier.
13. The combination of claim 8 further comprising:
means for providing a visual display in response to

outputs of said binary counter.
¥ % £ % %
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